Smart Sensors' Role in Integrated System Health Management by Perotti, Jese & Mackey, Paul
-4 
I:	 j 
j 
- 
iu
.	 - 
- - -	 - 
,ø,_ 
-	 -
•______ 
- r1t Mjk 
;ci iri
	 ___
2 
- .	 -• I	 W 
.# i • r	 i	 t
https://ntrs.nasa.gov/search.jsp?R=20120003144 2019-08-30T19:29:42+00:00Z
.	 . 	 .	 !	 ••.. 	 ¶•'. 
_'1tkE 
", ..introdutjo.n
	
,	
...,,iu.i..,. .. 	 , n1t,n	 aQnIQr	 f	 ,	 ,	 .	 , _ 
l	 :	 tT . ;: • T HNQLQOf	 .	 :	 • r	 I	
I	 l 
: 
A9S8 to spaoe has become very corn'petitiy,
	
I , 
L	 • Europe, Japan and China have driven dQWp the 
•iJi:I
	
a third from 199Q t 2000 
T	 • Cost has Ièveled in recent years to around$127OQD/Ibi
	
I t	 I	
I 
: I 'dne of NASA's goals is to reduce this cost by a factor of 1 
by fOsteri g neWtéchnologies devéJrnent I 
• ffordabIe pce explqration is ams
	 coiiercal J 
i,sI	
:1,; 'j 
• A tchnology:that will help lower costs is the "Integrated 
Sytern Health Manag'ernént (ISHM)" 
I I/t/fl help reduce the operating, processing nd maintenahcè costs 
in flight vehicles and ground suppoft'systems.• 
H
H. I	 I	 I _______________________________________________________________________	
.1 
1	 liZ	 I	 I
	..,.,	
i grat . .d Sytem Heajt[h .	 ' 
;•. .	 MR*:gi ,,i:): .2'.	 L. 
'	
0	
U '	
f1	 •	 4 
: .1 I	 tpmatioally and autonomously acquWes iflfQrmation 
, 
IIjfr , senorsnd aotuatQrs and processes th't infofriation ! f-.. 	 ..., 	 - 	 .	 '.	 . 
1	
, -1	
ed knowledge1 I	 ' 
	
,	
:	
k	 ¶t:;	 •-	 ?	 '	 .. t	 :	 '	 :	 l: i	 It	 .	 S lishesihe heIth of the system baeèt on 'the 
	
4rt	 d4'F
	 i 
	
I	 prior knowledge, 
	
:i.	 : 
ately,ISHM systems shall perform faiIu1rpridioton 
apd remediation before actual failures ocáur 'peventirg 
C$tJ Consequences,
	
I	 1	 , ,	 I	 - -
ar!rIi93i	 ______ 
Iffms añd MQdeIs 
I 	 I IfJlth MqnitoringPreditiri ipd JgnotI9s 
:	 I	 LIi	 I j1I4ç1tonomousoperntiQn 	 I	 I 
	
' S.	 •	 . 	 . 	 . 	 I flHrLQkt1dIfl' utooIibrtion and reduced mintenahoe Cydles 
I 
':..	
-.':i.I
	
..	 .	
.	 i1• 
I 	 I	 It	
It 
r	 . .	 I 
	
I	 .	 .	 . 
t1r'J' (IQ	 I




I	
-	
I	
irIs	 i	
:	
,	 , .	
: 
''	 '	 ;$	 r'I	 I	
' 
,; :.
	 • q •	 • '	 ;. : r	 ;	 :F•;	 . .	 .	 ..	 .	 . .	 .	 .	 .	 : 
J	 Q	 D	 I	
;	 I	
,i p	 I	 4 
	
1v	 t!l	 V	
• 
	
%	 ,,,,	
I	 1 
	
••:'	 Ij	 b	
:	 ' 	
•1 
	
e idntifJctiôn (Configuration Contrôl) 	 , ; ' 
	
;	 .. 	 ?	 -:•*..:;c;'- 	 i	 ; 	 -•!_	 .,	 •-:	 .	 -,	 . L	 ,	 P	 - J	 -.	 .	 )	 t-	 k,.. '	 •-	 t'	 A	 4	 }	 Ii 
;:	 Er,iibec1ded jntelligence
	
I	
? '
	
l 
;	 £4-	 •,	 u1.	 '	 .	 .	 •,r	 .•.	 .-.•	 ,•--,• 
j
 r 
Pap	 n	 rioç'	 ; I	 ':L.	 L ' ' r	 :	 : 
	
¶	
. Time stanpIn9 arici dt5ynohQnIzat1orr
	
J	 p 
	
. '	
:	 •To	 i.rk	 ' . .	 U.	
: .	 .•	 .at	 : S	 fi$:	 44 ;	 I : ; f 3	 i :::	 ;; '	 '3 1 t '	 :	 :	 44	 ij	 q	 ,	 t ;1	 I 
	
eIfhath assesment
	
I	 Ij	 I 
utooIibration opabJUty ; 
eIf-recpntiuration capbiIity
	
I	 1	 I 
F	
F4	 .	
, , 
h Management capabIity 
• ' Proposed h1eIth EIetrono* Sheets (
H EDS? pproaoh I 
• "health parameters are calculated, monitored and stored in the 
	
I	 Smart Sensors to aid in the determination of the sensors health"
L 
a-''
	 I 
I 
•	
,1• 
1#ti1,a.z1	 iHi 
	
iuiu.
	 1' !U1LI UIF!tIQfl• 
A	 •	
I 	 F 
	
Data AvaUaiIity I 	
1, 11etwred 'iiisó áystem	 I 4:	 :r : :	 Fl 
F	
' 	
I 	
F	 I 
. Provide lternte th tQ meaUement
	
F 
IF e d t 	 L 
-	
I	
•	 I	 •	 •	 I	 •	 •	
-I	 F jycrease ReIiaiIity
	
I 
•	
• R?duoed cahbratibn cycles
	
F	
II 
• $éIfrreQonfjg 'urtjon capability
	
F	
F 
• u. 1rsfQrrnatIon versus data 
, . Data trending, bandwidth, etc 
-	
I 	 F
t:-? rd-fl 
Overall System Architecture 
-	 KSC cnpe i
j SsorJ sor 
so eflSOr 
Process-specif tc Intelligent --------
Vehicle Knowledge Entity 
_____	
I 
Sensor	 Sensor	 Sensor	 sei1 Suite	 Suite	 Suite	 Lite I 
t nsor	 nsT	 Sensor	 Sensor 
[_	 - [Sensor 1- -[__Suite	 Suite	 Suite Suite I
	
Suite
SLIb System Architecture 
Process-specific nteIIigent 
LV1c1e Knowledge Entity
--
5teuigent 
Sensor AJ 
N
:5 
th i.* 
C £
	 C 
at	 a	 at 
U) U)	 U) 
Sensor Suite
lnteIgent 1 
Sensor Agent I 
Ic: 
:51	 Ii 
I	 c CI C	 IC 
a;	 Ia) 
L 
Sensor Suite
'I' I r inteIIigent 
Sensor Agent I 
N	 IC 
1:5 
wi	 cn	 Il(j) 
C	 C	 IC 
(1)1	 (Ii	 Ia; 
Sensor Suite
Sensor Suite Architecture	 Sensor Suite Architecture 
IIIiIiiT	 LcLa 
	
lntelhgerit	 I 
Sensor_Agejj	 U)	 Intelliqent 
-	 L sensor AgJ [1 [1 ..	 1	 ucation i ayer	 bwsition 
L!J L!J
	 Li	 SignalCondition 
I	 Sensor Aqeni
	 ° 
	
______	 ______________________ 
I	 C.) 1	 Sensor(s) 
I > Sii,r '.ur
	
.[ata Acquisition 1	 - __________________________ 
Autoncirncnis calibration 
I	 Signal Conditioning I	 - I	 •	 Serisrjr.Ele.ctronic health 
0	
Sensor(s)	 1	 [legraci1icin detection 
.............................. I 	 Self-healing capability 
Sensor Suite Architecture 
F--	 Standardized comnunicatli:in L mun1cati0r LayeU-- --
	 prolc)cc)l üe. TOP over Ethernet) 
-	
lntelhgent 
-	
1	 Sensor Agent J 1	 Embedded Knowledge: 
	
_______	
- Provides acc.urale ann reliable data 
- (onckicts- Sensor Suite health checks 
___________	
- Comniunicates with other sensor suites 
-4nal CondItIon i n1	 to validate data and health of the 
sensor(s) 
-	
Sensor(s)	
- Contains sensor identification and 
________________________________	 characterization parameters 
- Contains parameters to perform sensor 
validation and measurement 
interpretation 
- Provides sensor data synchn:nizatiori
Analog-to- L)igilal Coi verrion 
Time stamping (RiO on hoard t 
Sampling rate deterininaticin 
Sensor Excitation 
Signal Amplification (gain. ciff,ei) 
Siqnal Filtering 
Single Sensor 
Multi Sensor Array IMSA( 
Multidiscipline Sensor Array
$_ A. - 
p
___ 
/	 1 
iMaiIl1 	 I 
-	
-	 -	
-. 
:..f QhIn Prôsure 
Moflitoring 
Stem
Array (MS)
	 : 
___ 
' 1rti!	 I 
a fault4ólerant transducer 
fri-	 I	 ________________________________________________________ 
)	 qltc ur to Increase at least 3X	 L I 
re$ert calibration yqie times and -
	
/	 ' )pieasurenient reliability, 	 2	 "	 ') iiq	 I	 ::tL ¶!	 MEMS seqsQrs and K$C i
	 - vpi ped software algorithms to , 
':11 e ojeotives,; Eleotronics atsQ 
1 prbyid 5UtOnQmQUsselfhlth • 	 _____ 
,, 1	 ]'!i.	 I	 I	 __________ 
clep ic , 
atu	 -	 - ' 
-:	 TI Y	 Rpli bility. studies were completed on 8pressure sensors rray, 
KS deveIoped algorithms have been developed and testd 
.1 ' $ n or failure simulation was p erformed to vaUdate software algorithms, 
edized field prototype (8element rray) was developed and tested, 
'Pt nt was granted to KSC and Licensing was issued to TAER industries for ommercializa'tlon purposes
Mini Smart L.ik L	
-'	 .	 . 
- £... .L L_.	 L 
ic'' ii 
	
-	 --
Y 
L. 
	
j	 4s& 
aiL VireIe
-	 -r. 
under
I -	 :	
:	 •	 .	 ..	 - 
t joint effort Between CRC,	 I	 I 
Fc, and MAKEL Engineórihg1' 
iect1ves	 I •	 .,	 I-.,	 -I	 •	 : 
; • r'	 •'	 -	 -.	 -	 ..	 .-_:	 .	 . 
'de$ teohcaI expertise in th	 4 rlc1ed 
r, Qf SflSQ developed by GRQ '
	
qenQr 
ts suitbIe for aerospace
	 - -	
r ' 
iOn KSC is performing ll tJI	 , , , .. 
ry environmental testing 
Ibyflight vehicles, as welii -
	
I	 -"	 • -	 : 
ISQQmpatibility analysis, -
	 .	 I	 -:- I
	 - 
UYdQUQn8QhflQtS	
r	
¶4 
I	
1:	
1 
resent time,
	 J4	 I 
.	 ...	 -	 I	 - 9bjectives.,t
	 I	 PhQIp9yid y 
	
- -'	 I	 •-' -	 -	 ;.	 Dr1 Qiy;Hntor 
8:
 Hydrogen Sensor Network
	 A- -	 (QRQ)- - 
ssen	
'.	 :-
st	 I	
I
: 
•	 ..	 __	 __ 
.	 4. ,	
.	 . _	 i// ______ Ivp1qp flQfliflVaSIVe sensQr, with	 I	
. 
:	 ieded process . knowIedge opbillty to L 4 dqctrid uIUrntety prediotsystem's 	 .	
-I f	 anIfor degrdtion bfore they
__	
-Il 
- - 
Statu!	 r 
9rertsi9nature sensor prototype (sensor
	 - 
analog, digital nd PQWr
	 ___	 ____ quls was designed, fabricated7ad 
tt4 ithftwre algorithms to detect faIlurs	 ___ anwor degradation under different external
	 ______ 1qitIns were developed and tested, 
ntapplloation was filed nd licensing of this tei 'hnology has been granted to	 1 1 Sohff r for commercialization purposes
	 _____
'Ti 
Ii 
Efli 
LL
Data Acqu iéiffó1ñ 
___ -_______
	 Sstern,	 H
I2r! 
/ MrLJ	 1'rIlH 
H	 . 
Addltk
h cheqKs, &f QIIIU8 pnd Yemeiitr&liIIty prnpaneñt 
1Iv4slze weidhf4 -	 -	 •• --
	 ,--.- - .-
..'''l'' d o ver rq ujre m é nts wi IJ , be	 j	 , 
1LI
	
IlL t Status	 4L_ 
hIte ture was defined and baselined
	 LtU )toty es were esigned and fabricated 
tçm was tested at laboratory 
nment
	
I 
ëd software was developed and tested 
hni el generic system was demOnStrated 
L a ent#6,4626B4 
mN rciaization and licensing rights were issued to Circuit Avenue Netre preneurs, 
H
?	 ireless Sensors Netwo I 
;	 t'•	 I	 :	 •.	 ••:'•:. Q•	
.. •.!; 
.	 ..	 .	 ...	 .-..	
.H 
..	 .	
4	 l	
:-	 •	
' 
'::	 --.	
::	 ••:; 
:	 I e :
	 ;	 L 
t	 -	 ;?	 I	 ' .	 1 -	 -	 )4 	 j;;':	 ' I	 ernbdde	 t.	 1 ''	
_'.-;.	 .:•-	 •-•	 ..-.„.,..;_, ..-, .. 	 .	 .	 .	 •:,	 , 
,	 pbIIIty1n s
	
c	
,	 I	 . 
-	 --	 -	 ,. ;”
	
:-.•	 . 	 ..-.	
? . ' ; 4; '	 I	 • f	
j I	 1:t:	 : r	 '	 1 
s_	 sor fl tWQrK	 - 7t	 c 
: :'	 I oture desig (opbIe Qf 
,• I	
J	
wsQon.domnd" -	 :.	 ,	 • ' 2-•
	 1	 •	 ..	 c'.- )	 -	 ...	 . -	 .	 .	 .	
I	 "	 • 
I	 ,Igurtion)	
t	 -- ' - t 
.; ,- ' ; - I	 I eSensor network with
	
-;	 - 
:	 : dec proces'speoifio 	 $r GeneraIó KS IreIes Opr ord 
(	 j	
I	
:4	 ;	 I	 '	 t :	 f	 :	 I	 : 
i,	 p' c 433MH pd 916 Ml1z RF Qore Module, Pcwer Marrnement, Module, I	
ensor Interface Modu'e have been designed, fabriQatec1ncI tested1 ii"	 I	 I	 I pfwae aJ9prithm
	 overcome F4F path prQIms (9onmunkatQn 
rp Ut) Five been'desighed and tested, Smart power management 
igpri hmsto optimize battery life have been desi9red and tted, 
'irr it d prQcessspecific embedded knQ ledge in sensors h been
	
I 
ernonstrated in th laboratory (inforrnati n vs1 raw data trarsm iss ion), 
	
-	
.-:..	 -	 -•

jau	 q	 j'1E L:TTJT 
• . . 1t--i r	 '	 ri 
	
i;ru r	 . .	 .	 IIr—I . IPbJecdve	 .	 I	 .	 ill 
	
VJ '	 ,	 , 1 reless
	
;j:	 ': QntrJ 8tt\ 
	
of the lines prior nd
	 ___	 / I Qpert1Qn8, 	 I 
'	 I	 4i. 
tional requlrements were developed
	 4Jfrote 8tat* 
_________	 4t	 I	 I...-, 
ep.tual dsJgn .waac1eveloped 
I	 I	 I	 ¶ 
	
nç1 sQfwre were based Q	
f .	 ,. ire ess SensorNet development, 
	
'l 1,
	 I	 I	 ç	 . 
	
' tern (éñtral station and 10 remote,
	 I 
kitr 
twas fbrioated aric tested. 
o lting automated oalihratlon stati 
IWS esigned, fabricated nd tested, 
> Sist m was deployed at KSC Pad A at the prsnttinie. 
I .	 I
SJt! evyrE
1LØ
H
H 
A•	 H. 
1'	 l
means of QnrtIig S SQrSi netwprk been esabIished	 W1re (Eth rht48.4a5, etoL 4 f!g h s wireIs have ben suaesSfu:II used, I$
V 	
V 	 :q !J!RbJe' of Smart Sensors iA Integrated System Health 
'L	 I	 I	 L 
	
Js.PPer	 jery 
HM1P1Mafli9er$,t4PPPJ!Qaoh 
1	 1	 1
,	
.,.; .i .1
	 . 	 . .. I	 V 	 V 	
•V	
I	 V 
qualify tI validity Qftjdta
	 I 
• nvide prooessed data (data QonverLQnnd compnstf Q)1 * 
. Pr\/IiI	 trisnr hsiIfh ffI(4 tf	 Y 
:	
V 	
.jI	
•V	
V( 
, 	 11.	 I H 
I lr	 euoem	 9rnY, Øtiøiii'g hLimn hintj'éntjQh :	 .	 .	 V 	
' .. 	 V 	
. .'.:	 .. . 	 I.	 V 
I	 r 
• relia:IUty and autQnorny of svoh. system,	 V 	
V 4 
I I.
IL
¶ t JJItaTy vJoniç pItforms; yIthiitIy, IS1M1eot1rJQIeS jt	 th mQflItQJn	 I1J In veh,aLs nd
	 ndj1rs 
I	 I	 !'	 :	 Pj	 iI ,.i .. -	 ')I	
I	 4 1ie Interted $ys eniflth M	 urQ QQflt$ 0f 
47dfiniement pfdiver$iaY$tniThe ISHM
	 I a on9my, rnQcIvIarRy, recQnrlgQraimty, nd dta .r/oh vir uipt sncedQsIred by I	 prorarfl /coQrdinIy$ma1t Sen8ors arciined anddeylop fQlthe sme qriteri ISHM uppQrts
	 qpioaI/bffnQmJnaI bhyor4so that other systems oan take appropriate aotjonmart $ensors 
sipport 4that role by performing sensors' specific tasks, as tied by I$HM, tQ Qtijn1e the performance pf this effort, The combination of Smart SensQrS nd IHM technology 'present the Qptimal approach to vehicle and surface support 
I 
systm health management,
	
I	 I 
I	
1'	 I	 II 

